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(57) ABSTRACT

A control circuit includes an auxiliary pin for receiving an
auxiliary voltage of an auxiliary winding of a power con-
verter; a first detection unit for detecting a first time point
when the auxiliary voltage begins resonance, and outputting
a first detection signal according to the first time point; a
second detection unit for detecting a second time point when
the auxiliary voltage reaches a predetermined voltage, and
outputting a second detection signal according to the second
time point; a delay time controller for obtaining a delay time
according to a output time difference between the first detec-
tion signal and the second detection signal, and outputting a
driving signal with delay of the delay time when receiving the
second detection signal; and a gate control signal generator
for generating a gate control signal to a power switch of the
power converter according to the driving signal of the delay
time controller.

16 Claims, 7 Drawing Sheets
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/ 700

Recerve the auxiliary voltage Vaux of
the auxiliary winding AUX

—~710

Detect the first time point T1 when the
auxiliary voltage Vaux begins resonance,
and output the first detection signal S1
according to the first time point T1

720

Detect the second time point T2 when

the auxiliary voltage Vaux reaches the

predetermined voltage, and output the

second detection signal S2 according
to the second time pomt T2

~—730

Obtain the delay time Td according to

the output time difference between the

first detection signal S1 and the second
detection signal S2

~— 740

Generate the gate control signal Sg to
the power switch M according to the
output time of the second detection
signal 52 and the delay time Td

—~750

FIG. 7
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1
CONTROL CIRCUIT APPLICABLE TO
POWER CONVERTER AND OPERATION
METHOD THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a control circuit applicable
to a power converter and its operation method, and more
particularly, to a control circuit and its operation method
capable of reducing power consumption of a power converter.

2. Description of the Prior Art

Please refer to FIG. 1 and FIG. 2. FIG. 1 is a diagram
showing a power converter and a control circuit of the prior
art. FIG. 2 is a diagram showing waveforms of related signals
of the power converter and the control circuit in FIG. 1. As
shown in FIG. 1, the power converter 10 comprises a primary
winding PR, an auxiliary winding AUX, a power switch M, a
diode D and a capacitor C1. The power switch M is coupled
between the primary winding PR and ground. The diode D
and the capacitor C1 are coupled to an output end OUT. The
control circuit 100 is coupled to the auxiliary winding AUX
and a gate end of the power switch M. The control circuit 100
is configured to turn on the power switch M according to an
auxiliary voltage of the auxiliary winding AUX, and turn off
the power switch M according to a duty cycle, in order to
generate an output voltage Vout at the output end OUT of'the
power converter 10. As shown in FIG. 2, when the power
converter 10 is operated in a discontinuous conduction mode
(DCM), in order to reduce power consumption of the power
converter 10, the control circuit 100 must turn on the power
switch M at a time point Ton when the auxiliary voltage Vaux
reaches a wave trough after beginning resonance (such as at
time point T1), thus the power converter 10 can have smaller
power consumption.

The control circuit 100 of the prior art determines the time
point Ton when the auxiliary voltage Vaux reaches the wave
trough after beginning resonance according to ideal values of
circuit components of the power converter 10. However,
parameters of the circuit components may have tolerances,
such that the resonance frequency of the auxiliary voltage
Vaux is affected by the tolerances, that is to say, the time point
when the auxiliary voltage reaches the wave trough after
beginning resonance may be different in different power con-
verter. The control circuit 100 of the prior art cannot precisely
determine the time point Ton when the auxiliary voltage Vaux
reaches the wave trough after beginning resonance, such that
the power converter 10 of the prior art has larger power
consumption.

SUMMARY OF THE INVENTION

The present invention provides a control circuit applicable
to a power converter, comprising an auxiliary pin, a first
detection unit, a second detection unit, a delay time controller
and a gate control signal generator. The auxiliary pin is for
receiving an auxiliary voltage of an auxiliary winding of the
power converter. The first detection unit is for detecting a first
time point when the auxiliary voltage begins resonance, and
outputting a first detection signal according to the first time
point. The second detection unit is for detecting a second time
point when the auxiliary voltage reaches a predetermined
voltage, and outputting a second detection signal according to
the second time point. The delay time controller is for obtain-
ing a delay time according to a output time difference
between the first detection signal and the second detection
signal, and outputting a driving signal with delay of the delay
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time when receiving the second detection signal. The gate
control signal generator is for generating a gate control signal
to a power switch of the power converter according to the
driving signal outputted by the delay time controller.

The present invention further provides an operation
method of a control circuit applicable to a power converter,
wherein the power converter comprises a primary winding, an
auxiliary winding and a power switch coupled between the
primary winding and ground. The method comprises receiv-
ing an auxiliary voltage of the auxiliary winding; detecting a
first time point when the auxiliary voltage begins resonance,
and outputting a first detection signal according to the first
time point; detecting a second time point when the auxiliary
voltage reaches a predetermined voltage, and outputting a
second detection signal according to the second time point;
obtaining a delay time according to a output time difference
between the first detection signal and the second detection
signal; and generating a gate control signal to the power
switch according to an output time of the second detection
signal and the delay time.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill in the art after
reading the following detailed description of the preferred
embodiment that is illustrated in the various figures and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing a power converter and a
control circuit of the prior art.

FIG. 2 is a diagram showing waveforms of related signals
of the power converter and the control circuit in FIG. 1.

FIG. 3 is a diagram showing a control circuit applicable to
a power converter according to a first embodiment of the
present invention.

FIG. 4 is a diagram showing waveforms of related signals
of the power converter and the control circuit in FIG. 3.

FIG. 5 is a diagram illustrating a capacitor of a delay time
controller performing charging and discharging operations
according to an output time difference between a first detec-
tion signal and a second detection signal.

FIG. 6 is a diagram showing a control circuit applicable to
a power converter according to a second embodiment of the
present invention.

FIG. 7 is a flowchart showing an operation method of a
control circuit applicable to a power converter of the present
invention.

DETAILED DESCRIPTION

Please refer to FIG. 3. FIG. 3 is a diagram showing a
control circuit applicable to a power converter according to a
first embodiment of the present invention. As shown in FIG. 3,
the power converter 10 comprises a primary winding PR, an
auxiliary winding AUX, a power switch M, a diode D and a
capacitor C1. The power switch M is coupled between the
primary winding PR and ground. The diode D and the capaci-
tor C1 are coupled to an output end OUT. The control circuit
200 comprises an auxiliary pin P1, a first detection unit 210,
asecond detection unit 220, a delay time controller 230, a gate
control signal generator 240 and a gate pin P2. The auxiliary
pin P1 is for receiving an auxiliary voltage Vaux of the aux-
iliary winding AUX of the power converter 10. The first
detection unit 210 is for detecting a first time point when the
auxiliary voltage Vaux begins resonance, and outputting a
first detection signal S1 according to the first time point. The
second detection unit 220 is for detecting a second time point
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when the auxiliary voltage Vaux reaches a predetermined
voltage, and outputting a second detection signal S2 accord-
ing to the second time point. The delay time controller 230 is
for obtaining a delay time according to an output time difter-
ence between the first detection signal S1 and the second
detection signal S2, and outputting a driving signal Son with
delay of the delay time when receiving the second detection
signal S2. The gate control signal generator 240 is for gener-
ating a gate control signal Sg to the power switch M of the
power converter 10 according to the driving signal Son out-
putted by the delay time controller 230. The gate pin P2 is
coupled between the gate control signal generator 240 and a
gate end of the power switch M, and the gate control signal Sg
is transmitted to the power switch M via the gate pin P2.

When the power converter 10 is operated in a discontinu-
ous conduction mode (DCM), the control circuit 200 of the
present invention can precisely turn on the power switch M at
a time point when the auxiliary voltage Vaux reaches a wave
trough after beginning resonance (that is also a time point
when a cross voltage Vds between two ends of the power
switch M is at a smallest level), in order to reduce power
consumption of the power converter 10. For example, please
referto FIG. 4, and refer to FIG. 3 as well. FIG. 4 is a diagram
showing waveforms of related signals of the power converter
and the control circuit in FIG. 3. Since the first detection unit
210 is coupled to the auxiliary pin P1, the first detection unit
210 can detecting whether the auxiliary voltage Vaux starts to
have a voltage drop when the auxiliary voltage Vaux is stably
kept at a fixed value. If the auxiliary voltage Vaux starts to
have a voltage drop at time point T1, it means the auxiliary
voltage Vaux begins resonance (a level of current I flowing
through the primary winding PR is zero at the mean time), the
first detection unit 210 outputs the first detection signal S1 to
the delay time controller 230 at the first time point T1. The
second detection unit 220 comprises a comparator 222 for
comparing the auxiliary voltage Vaux with the predetermined
voltage (such as 0 volt). When the auxiliary voltage Vaux
reaches 0 volt at the second time point T2, the second detec-
tion unit 220 outputs the second detection signal S2 to the
delay time controller 230 at the second time point T2. The
delay time controller 230 can obtain the delay time Td accord-
ing to the output time difference between the first detection
signal S1 and the second detection signal S2 (that is a time
difference between the first time point T1 and the second time
point T2), and output the driving signal Son with delay of the
delay time Td when receiving the second detection signal S2.
Since a resonance waveform of the auxiliary voltage Vaux is
a cosine waveform, and the time difference between the first
time point T1 and the second time point T2 is equal to one half
of a time length of the resonance waveform of the auxiliary
voltage Vaux starting from a wave crest till next wave trough,
the delay time controller 230 can set a time length of the delay
time Td equal to the time difference between the first time
point T1 and the second time point T2, such that the driving
signal Son can be outputted at a time point Ton when the
auxiliary voltage Vaux reaches the wave trough after begin-
ning resonance. The gate control signal generator 240 then
can pull up a voltage level of the gate control signal Sg to
precisely turn on the power switch when the auxiliary voltage
Vaux reaches the wave trough after beginning resonance,
according to the driving signal Son outputted by the delay
time controller 230.

According to the above arrangement, even parameters of
circuit components of the power converter 10 have tolerances,
and the resonance frequency of the auxiliary voltage Vaux is
affected by the tolerances, the control circuit 200 applicable
to the power converter 10 of the present invention still can
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precisely determine the time point Ton when the auxiliary
voltage Vaux reaches the wave trough after beginning reso-
nance.

In addition, the control circuit 200 can further comprises a
turn-off control circuit 250 for generating a turn-off signal
Soff according to a duty cycle of the power converter 10. The
gate control signal generator 240 can pull down the voltage
level of the gate control signal Sg according to the turn-off
signal Soff outputted by the turn-off control circuit 250, in
order to turn off the power switch M.

On the other hand, the delay time controller 230 of the
present invention can comprise a digital counter for counting
the output time difference between the first detection signal
S1 and the second detection signal S2, in order to obtain the
delay time Td. Or, the delay time controller 230 can comprise
a capacitor for performing charging and discharging opera-
tions according to the output time difference between the first
detection signal S1 and the second detection signal S2, in
order to obtain the delay time Td. For example, as shown in
FIG. 5, a capacitor C2 can start to perform charging operation
at the first time point T1, and start to perform discharging
operation at the second time point T2, thus the time length of
the delay time Td is equal to a time length from the second
time point T2 (when the capacitor C2 starts to perform dis-
charging operation) till a voltage level of the capacitor C2
drops to a voltage level before the charging operation.

Please refer to FIG. 6, and refer to FIG. 4 as well. FIG. 6 is
a diagram showing a control circuit applicable to a power
converter according to a second embodiment of the present
invention. As shown in FIG. 6, in addition to detect the first
time point T1 according to the auxiliary voltage Vaux, the first
detection unit 210 also can couple to a detection resistor R1 of
the primary winding PR of the power converter 10 via pins P3
and P4 of the control circuit 300, for detecting the first time
point T1 when the auxiliary voltage Vaux begins resonance
according to the level of current I passing through the primary
winding PR. Since the level of current I flowing through the
primary winding PR is zero at the first time point T1, the first
detection unit 210 can detect the first time point T1 when the
level of current I flowing through the primary winding PR is
zero, in order to further output the first detection signal S1 at
the first time point T1.

Please referto FIG. 7. FIG. 7 is a flowchart 700 showing an
operation method of the control circuit applicable to the
power converter of the present invention. The flowchart of the
operation method of the control circuit applicable to the
power converter of the present invention comprises the fol-
lowing steps:

Step 710: Receive the auxiliary voltage Vaux of the auxil-
iary winding AUX;

Step 720: Detect the first time point T1 when the auxiliary
voltage Vaux begins resonance, and output the first detection
signal S1 according to the first time point T1;

Step 730: Detect the second time point T2 when the aux-
iliary voltage Vaux reaches the predetermined voltage, and
output the second detection signal S2 according to the second
time point T2;

Step 740: Obtain the delay time Td according to the output
time difference between the first detection signal S1 and the
second detection signal S2; and

Step 750: Generate the gate control signal Sg to the power
switch M according to the output time of the second detection
signal S2 and the delay time Td.

In contrast to the prior art, the control circuit for power
converter and the operation method of the present invention
can adjust the time length of the delay time according to the
output time difference between the first detection signal and
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the second detection signal, so as to precisely turn on the
power switch at the time point when the auxiliary voltage
reaches the wave trough after beginning resonance, such that
the power converter can have smaller power consumption.
Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended claims.

What is claimed is:

1. A control circuit applicable to a power converter, com-
prising:

an auxiliary pin for receiving an auxiliary voltage of an
auxiliary winding of the power converter;

afirst detection unit for detecting a first time point when the
auxiliary voltage begins resonance, and outputting a first
detection signal according to the first time point;

a second detection unit for detecting a second time point
when the auxiliary voltage reaches a predetermined volt-
age, and outputting a second detection signal according
to the second time point;

adelay time controller for obtaining a delay time according
to an output time difference between the first detection
signal and the second detection signal, and outputting a
driving signal with delay of the delay time when receiv-
ing the second detection signal; and

a gate control signal generator for generating a gate control
signal to a power switch of the power converter accord-
ing to the driving signal outputted by the delay time
controller.

2. The control circuit of claim 1, wherein the first detection
unit is coupled to the auxiliary pin, for detecting the first time
point according to a voltage drop of the auxiliary voltage.

3. The control circuit of claim 1, wherein the first detection
unit is coupled to a detection resistor of a primary winding of
the power converter, for detecting the first time point accord-
ing to a level of current passing through the primary winding.

4. The control circuit of claim 1, wherein the delay time
controller comprises a digital counter for counting the output
time difference between the first detection signal and the
second detection signal, in order to obtain the delay time.

5. The control circuit of claim 1, wherein the delay time
controller comprises a capacitor for performing charging and
discharging operations according to the output time differ-
ence between the first detection signal and the second detec-
tion signal, in order to obtain the delay time.

6. The control circuit of claim 1, wherein the predeter-
mined voltage is O volt.

7. The control circuit of claim 1, further comprising:

a gate pin, wherein the gate control signal is transmitted to

the power switch via the gate pin.

8. The control circuit of claim 1, wherein the second detec-
tion unit comprises a comparator for comparing the auxiliary
voltage with the predetermined voltage, in order to output the
second detection signal.
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9. The control circuit of claim 1, wherein the power con-
verter is operated in a discontinuous conduction mode
(DCM).

10. An operation method of a control circuit applicable to a
power converter, the power converter comprising a primary
winding, an auxiliary winding and a power switch coupled
between the primary winding and ground, the method com-
prising:

receiving an auxiliary voltage of the auxiliary winding;

detecting a first time point when the auxiliary voltage

begins resonance, and outputting a first detection signal
according to the first time point;
detecting a second time point when the auxiliary voltage
reaches a predetermined voltage, and outputting a sec-
ond detection signal according to the second time point;

obtaining a delay time according to an output time differ-
ence between the first detection signal and the second
detection signal; and

generating a gate control signal to the power switch accord-

ing to an output time of the second detection signal and
the delay time.

11. The operation method of claim 10, wherein detecting
the first time point when the auxiliary voltage begins reso-
nance comprises:

detecting the first time point according to a voltage drop of

the auxiliary voltage.

12. The operation method of claim 10, wherein detecting
the first time point when the auxiliary voltage begins reso-
nance comprises:

detecting the first time point according to a level of current

passing through the primary winding.

13. The operation method of claim 10, wherein obtaining
the delay time according to the output time difference
between the first detection signal and the second detection
signal comprises:

utilizing a digital counter for counting the output time

difference between the first detection signal and the
second detection signal, in order to obtain the delay
time.

14. The operation method of claim 10, wherein obtaining
the delay time according to the output time difference
between the first detection signal and the second detection
signal comprises:

utilizing a capacitor for performing charging and discharg-

ing operations according to the output time difference
between the first detection signal and the second detec-
tion signal, in order to obtain the delay time.

15. The operation method of claim 10, wherein the prede-
termined voltage is O volt.

16. The operation method of claim 10, wherein generating
the gate control signal to the power switch according to the
output time of the second detection signal and the delay time
comprises:

generating the gate control signal to the power switch with

delay of the delay time when the second detection signal
is outputted, in order to turn on the power switch.
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